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REPORTS 
Effect of Infrared Irradiation on the Recoverable Levels of Free 
Arachidonic Acid and Prostaglandins in Human Forearm Skin 
LENNART JUHLIN, M.D. , ALAIN CIVIER, SANDY SHROOT, AND CHRIS HENSBY, PH.D. 
Centre International de Recherches Dermatologiques (CIRD), Valbonne, France 
The inside skin of the forearm of healthy volunteers 
was irradiated with an infrared (IR) lamp for 1 hr, 
resulting in the rapid appearance of an erythema and 
an elevation of skin surface temperature from 30 ± 1 °C 
to 38 ± 2°C within 5 min. The erythema and elevated 
skin surface temperature decayed within 10-30 min 
when the IR irradiation was stopped. Suction blisters 
were raised on nonirradiated skin and on irradiated 
skin both during irradiation and at various times after 
irradiation stopped. Elevated levels of free arachidonic 
acid, PGE2, PGD2, PGF2,. and 6-oxo-PGF, ,. were found 
up to 24 h after irradiation. By 48 h the prostaglandin 
levels had returned to control values whereas the free 
arachidonic acid levels were still elevated at 72 h. The 
peak level of 6-oxo-PGF1,.. appears between 0-6 h 
whereas for PGE2, D2, and F 2.., it is between 6-16 h, 
suggesting a different cellular source for this prosta-
glandin. 
Increased levels of free arachidonic acid and various prosta-
glandins (PGs) have been found in human skin after a variety 
of experimentally [1-5) or disease-induced (6,7) inflammatory 
stimuli. One of the criteria for skin int1ammation is an elevated 
temperature . Thus the possibility that there is local heat pro-
duction during either t he initiation or the development of an 
inflammatory process stimulated us to examine the effect of 
heat due to infrared (IR) irradiation on the synthesis of PGs 
in human skin. 
The forearm skin surface temperature of healthy volunteers 
was elevated from 30 ° ± 1 OCto 38° ± 2oC by IR irradiation for 
1 h . Suction blisters were raised on control, contralateral non-
irradiated areas, during and at various times up to 72 h after 
irradiation, thereby enabling a time course study of the recover-
able levels of free a rachidonic acid and prostaglandins E 2, D 2, 
F 2, , and 6-oxo-PGF1 .. in the blister fluid to be made. 
MATERIALS AND METHODS 
S ubjects 
Seventeen female and 40 male fair-skinned subjects aged 18-78 years 
(mean 46.8 ± 2.3 years) were irradiated on untanned, clinically normal, 
lower forearm skin. The subjects had no history of photosensitivity and 
were not taking any oral antihistamines, corticosteroids, or nonste-
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Abbreviations: 
AA: arachidonic acid 
GLC-MS: gas liquid chromatography-mass spectrometry 
IR: infrared 
M+: posit ively charged molecular ion 
m/z: mass to charge ratio 
PG: prostaglandin 
TLC: thin-layer chromatography 
TMS: trimethylsilyl 
roidal anti-inflammatory drugs. Each subject gave prior informed writ-
ten consent. 
Irradiation 
An Osram 250 W Theratherm IR lamp was used to irradiate each 
subject's forearm at a distance of 1 m. The lamp emi ts no UV irradia-
t ion. An area approximately 60 cm2 was irradiated. The skin surface 
temperature was measured with a digital reading thermocouple (Digi-
tate Hill , Waldkirch, West Germany) equipped with a 9001-K probe, 
of ± 0.1°C precision at 24°-42°C. The sensor has a temperature-
dependent resistance and gives practically instantaneous readings. 
Inflammatory Exudate 
Suction blisters were raised under continuous suction at 200 mm Hg 
atmospheric pressure as described previously [8,9] at 4.5, 6, 8, 16, 24, 
48, and 72 h after IR irradiation. Since suction blisters take an average 
of 2 h to develop, zero t ime samples were obtained by raising t he 
suction blisters on normal skin first, then irradiating, and removing 
the bulla fluid immediate ly afte r the completion of irradiation. Control 
blisters were raised and left fo r t he period of t he irradiation. To control 
for t he possible elevat ion of PGs during t he irradiation, control blister 
fluid was irradiated in vitro to 38°C. 
Extraction 
Exudate (50- 250 JLl) from individual samples was equilibrated wit h 
25 ng each of 3,3',4,4' -tetradeute ro PGE2 (d4 PGE2), 3,3',4,4'-tetra-
deutero PGF2o l , and 3,3',4,4' -tet radeutero 6-oxo-PGF,aand 500 ng of 
5,6,8,9,11,12,14,15-octadeute ro arachidonic ac id (d8 arachidonic acid) 
in 1.0 ml of 10- • M indomet hacin in 95% aqueous ethanol. Possible 
samples were immediately extracted or stored at -20oC prior to ex -
traction. The pH of each sample, after dilut ion to 3 ml with distilled 
water, was adjusted to 3 with 1 M HCI. An equal volume of analytical 
grade ethyl acetate was added and t he sample t horoughly mixed on a 
vortex mixer. The ethyl acetate was t ransferred after separation of the 
2 phases to a clean 20-ml vial. The extraction step was repeated twice 
more and the pooled ethyl acetate evaporated to dryness under vacuum 
at 40•C using a vortex evaporator (Baird and Tatlock, Great Britain). 
Preparative Thin-Layer Chromatography (TLC) 
The organic residues were redissolved in 200 JLl methanol and applied 
as a narrow band to silica gel G TLC plates (100 X 200 X 0.1 mm on 
glass, Merck). Authent ic PGE2, PGF2" , PGD2, 6-oxo-PGF,o, and arach-
idonic acid were applied at the side of each sample as markers. Samples 
were chromatographed in t he F6 solvent system of Andersen [10] (ethyl 
acetate:acetone:glacial acetic ac id, 90:10:1 by volume) and developed to 
15 em at 20• ± zoe [10]. Zones of 0.5 em were scraped from each plate 
and zones corresponding to PGE2, PGD2, arachidonic acid, and a 
mixture of PGF2oand 6-oxo-PGF,o were eluted from the silica in 2 X 5 
ml methanol. Samples were taken to dryness as described above. The 
mixture of PGF2o and 6-oxo-PGF,o was rechromatographed on similar 
plates using chloroform:methanol:glacial acetic acid:water (90:9:1:0.65 
by volume) [11] . Aut hentic PGF2o and 6-oxo-PGF1a were also applied 
to the same plates. The plates were developed to 15 em and the 2 PGs 
eluted from separate bands as described previously. 
The extracts of the PGD2 zones were converted into PGF2" by 
treatment with methanolic sodium borohydride solution. T o each zone 
1 ml of ice-cold 1 mg/ml methanol sodium borohydride was added, the 
sample vortexed and allowed to come to room temperature. After 
dilution to 3 ml with distilled water and the addition of 25 ng 3,3' ,4,4 ' -
tetradeutero PGF2o, t he solution was acidified to pH 3 wit h 1 M HCl 
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TABLE I. Derivatives and ion (m/z) fragments monitored for 
deuterated and nondeuterated components during quantitative GLC-
MS of arachidonic acid and prostaglandins E2, F2, (D2 ), and 
6-oxo-PGF, .. 
m/z monitored 
Compound Derivative Ion fragment• Non 
deuterated Deuterated 
Arachidonic TMS ester M+- 15 361 369 
acid 








PGF:.. tris TMS M+- (90 + 71) 481 485 
ether, TMS 
ester 
• Ion fragment corresponds to the positively charged fragment of the molecule 
derived from the molecular ion (M+-) measured by the mass spectrometer. 
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extracted 3 times with ethyl acetate as described above and repurified 
in the F6 solvent system as authentic PGF2,,. 
Derivatization and Quantitative Gas Liquid Chromatography-Mass 
Spectrometry (GLC-MS) 
o-Methyloximation: Authentic PGE2 and 6-oxo-PGF, .. and t he resi -
dues from their corresponding TLC zones were redissolved in 100 Iii 
pyridine conta ining 5 mg ml- 1 o-methylhydroxylamine hydrochloride 
(Fiuka), vortexed, and heated at 60"-70"C for 90 min. 
T rimethylsilyl (TMS) esters and ethers: Authentic arachidonic ac id, 
PGF2., PGD2 (after conversion to PGF ... ), PGE., and 6-oxo-PGF, .. 
(after conversion to their corresponding o-methyloximes) and the res-
idues from their corresponding TLC zones were vacuum-dessicated and 
redissolved in 50 Iii N,o-bis(trimethylsilyl) trifluoroacetam ide (BSTFA) 
and either heated at 60"C for 30 min or left at room temperature for a 
minimum of 16 h. 
Combined GLC-MS: This was performed on a Girdel series 31 gas 
chromatograph equipped with a fused silica column (12.5 m X 0.3 mm) 
coated with CPsi15 stationary phase (Chrompak) in terfaced with a 
Riber 10-10C quadrupole mass spectrometer. The gas chromatograph 
was operated between 230" and 265"C with a carrier gas (helium) flow 
TABLE II. Levels of arachidonic acid and PGs in suction blister fl uid (figures show mean± SEM, n.gjml) 
Arachidonic PGE2 PGD, PGF2 .. 6-oxo-PG F\,. acid 
Control ! 2816 ± 288 15.7 ± 1.0 17.3 ± 1.0 13.9 ± 0.6 9.2 ± 0.5 
n = 44 n = 45 n = 44 n = 45 n = 45 
Control 2 3777 ± 583 20.6 ± 4.0 16.9 ± 1.9 11.1 ± 1.5 8.9 ± 2.0 
NS n = 5 NS n = 5 NS n = 5 NS n = 5 NS n = 5 
Continuous IR 6928 ± 1433 27.3 ± 2.6 31.5 ± 2.6 27.4 ± 2.4 21.7 ± 2.3 
*** 
... ••• . .. *** 
n = 13 n = 13 n = 13 n = 13 n = 13 
IR in vivo 27785 ± 9555 20.3 ± 1.8 27.3 ± 2.0 19.9 ± 1.8 13.3 ± 2.8 
••• *** ••• ... NS 
+++ +++ +++ +++ NS2 
n=6 n=6 n = 6 n=6 n=6 
IR in vitro 3520 ± 1271 13.6 ± 1.5 10.9 ± 1.6 11.3 ± 1.2 12.1 ± 3.2 
NS NS *** NS NS 
NS2 NS2 NS2 NS2 NS2 
n =6 n =6 n =6 n = 6 n=6 
Hours after IR: 4.5 15337 ± 2566 49.1 ± 5.2 34.7 ± 3.5 38.3 ± 7.7 38.0 ± 4.4 
••• • •• ••• • •• • •• 
n=8 n=8 n=8 n =8 n =8 
6.0 11756 ± 1007 55.2 ± 17.8 51.6 ± 7.3 45.7 ± 9.9 20.1 ± 4.1 
••• • •• ... *** *** 
n =3 n=4 n= 3 n = 3 n =3 
8.0 12880 ± 790 67.8 ± 13.3 51.7 ± 5.2 45.0 ± 4.0 22.3 ± 3.1 
••• • •• ••• • •• *** 
n=7 n =7 n=8 n=8 n =8 
16.0 16897 ± 2192 56.8 ± 14.4 46.4 ± 14.8 41.8 ± 6.9 16.2± 1.7 
*** *** ••• ••• • •• 
n=4 n = 4 n =4 n=4 n =4 
24.0 17797 ± 4037 33.2 ± 5.0 34.6 ± 7.4 28.4 ± 4.1 18.3 ± 6.4 
*** ••• ••• • •• NS 
n =5 n=5 n = 5 n=5 n =5 
48.0 12151 ± 202 16.6 ± 1.7 13.9 ± 2.7 14.8 ± 1.0 7.3 ± 0.3 
••• NS NS NS NS 
n= 4 n =4 n=4 n =4 n =4 
72.0 10141 ± 3433 16.6 ± 1.5 14 .8 ± 2.0 12.8 ± 0.9 8.8 ± 1.2 
*** NS NS NS NS 
n =4 n=4 n =4 n =4 n=4 
The recoverable levels (mean ± SEM) of arachidonic ac id, PGE2 , PGD2, PGF2,. , and 6-oxo-PGF,,. measured by GLC-MS in control ski n and 
at various t ime intervals after IR irradiation. 
Control 1 = blisters raised on nonirradiated skin and sampled immediately. 
Control 2 = blisters raised on nonirradiated skin and sampled after 1 h. 
Continuous IR = blisters irradiated during suctioning. 
n = number of subjects. 
IR in vivo = blisters raised on nonirradiated skin and irradiated for 1 h before sampling. 
IR in vitro = blister fluids (contro l) irradiated for 1 h in vitro. 
NS = not significant re lative to control 1. 
NS2 = not significant re lative to cont rol 2. 
*** = p < 0.001 (relative to cont rol 1) . 
+++ = p < 0.001 (re lative to control 2). 
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rate of 2 mlfmin. The mass spectrometer was operated at 70 eV electron 
energy, an ionizer temperature of 150"C, and an electron multiplier 
setting of 1.5-2.0 kV. Table I shows the mass to charge (m/z) values 
for the ion fragments monitored for free arachidonic acid and various 
PGs and their corresponding deuterium-labeled internal standards, 
after suitable chemical derivatization. Calibration lines for protium/ 
deuterium ratios vs protium concentrations were constructed and used 
to quantitate the endogenous free arachidonic acid and PGs in the 
suction blister fluids. 
Solvents and Chemicals 
Deuterated and nondeuterated PGs were a generous gift from Dr. J. 
E. Pike, The Upjohn Company, Kalamazoo, Michigan. Deuterated 
arach idonic acid was prepared from 5,8,11,14, eicosatetraynoic acid as 
described previously [12]. All solvents were of the best analytical grade 
or redistilled prior to use. Pyridine and o-methylhydroxylamine hydro-
chloride were obtained from Aldrich. The N,o-bis(trimethylsilyl)tri-
fluoroacetamide (BSTF A) was purchased from Sigma. 
RESULTS 
Elevating the skin surface temperature from so· ± 1 ·c to 
38• ± 2·c by IR irradiation increased the levels of free arachi-
donic acid and prostaglandins Ez, Dz, F2,, and 6-oxo-PGFt .. 
during continuous irradiation (Table II). The highest level for 
6-oxo-PGF 1., was obtained 0-4 h after irradiation. (Fig 1). The 
other PGs had their peak level at 6-16 h. Arachidonic acid 
showed an immediate maximum peak of activity and a second-
ary peak 16-24 h after irradiation. The levels -of arachidonic 
acid were still significantly elevated at 72 h after irradiation. 
Irradiation of blister fluid in vitro did not raise the level of PGs 













PGD 2 ___. 6 -oxo-PGF 1 " o-- --o 
8 16 24 48 72 
hours 
FIG 1. Arachidonic acid and PGs in blister fluids raised 0-72 h after 
heating skin to 38" ± 2•c for 1 h. Control 1 ( Ct! = blisters raised on 
nonirradiated skin and sampled immediately. 
DISCUSSION 
The time course of elevation of free arachidonic acid and the 
various PGs measured are similar to those previously observed 
following either UVA, UVB, or UVC irradiation [3-5]. How-
ever, the results obtained with IR irradiation are somewhat 
different from those resulting from dithranol [2]. In this in-
stance only PGEz and arachidonic acid are elevated, suggesting 
a different mode of action for dithranol and IR irradiation. The 
possibility that the similarit ies between UV A, UVB, UVC, and 
IR irradiation are due to either poor spectral separation of the 
various lamps used or to local heating by the various irradia-
tions obviously warrants further examination. The lamp used 
in our study did not emit any UV irradiation. Preliminary 
results suggest that local heating due to the application of heat 
pads causes a similar profile to that observed with IR irradia-
tion, when t he temperature is raised to comparable levels. Thus 
the possibility that a nonspecific heat effect could be a common 
link to various irradiation stimuli must be examined. In the 
case of drug-induced stimuli, this may not be the case and thus 
individual stimuli may provide different responses. 
Warming the skin with IR irradiation increased the temper-
ature on the surface to 38°C and produced a long-lasting 
increase of all t he measured PGs and of arachidonic acid in the 
blister fluid. The metabolite of prostacyclin 6-oxo-PGF1, 
showed a peak as early as 6-8 h after irradiation. Since pros-
tacyclin is found mainly in the endothelium, it supports the 
idea that the peak level of 6-oxo-PGF, .. was probably released 
from the blood vessel endothelium. The epidermis seems to be 
a more probable source for the other PGs. It is, in this context, 
interesting to note that in homogenates of excised human skin 
the PGE levels rose from 15 ng/g to 250- 300 ng/g after incu-
bation at 37•c for 40 min [13). 
The marked and long-lasting increase of the arachidonic acid 
and PGs after moderate elevation of the skin temperature is of 
special interest in an inflammatory process where the temper-
ature usually is increased. An increased temperature might be 
an explanation for the increase of PGs seen in several inflam-
matory conditions (either experimentally induced or disease-
induced), for example, when initiating the inflammatory re-
sponse with UV irradiation. 
The increase of PGs after IR irradiation is also of interest 
from a therapeutic viewpoint since heat has been used for many 
years in the treatment of inflammatory diseases. Recently heat 
has also been used for the treatment of both cancer and 
psoriasis [14). Elevation of the skin temperature to 39• ± 2· c 
by use of a heat pad for 1 h, which in preliminary experiments 
also has been shown to increase the PGs and arachidonic acids 
indicates that the elevation is not specific for IR irradiation. ' 
We gratefully acknowledge the experienced technical assistance of 
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Changes in Arachidonic Acid Metabolism in UV-Irradiated Hairless 
Mouse Skin 
THOMAS RUZICKA, M.D., JOSEPH F. WALTER, M.D., AND MORTON P. PRINTZ, PH.D. 
Divisions of Pharmacology (TR, MPP) and Dermatology (JFW), Department of M edicine, University of California, 
San Diego, La J olla, California, U.S.A. 
This study was conducted to investigate the metabo-
lism of arachidonic acid in the skin of hairless mice 
exposed to UV A, PUV A, UVB, and UVC irradiation. 
The main products of arachidonic acid in the epidermis 
were hydroxyeicosatetraenoic acid (HETE), PGE2, and 
PGD2. Dermis displayed a lower lipoxygenase activity 
(expressed as HETE production) than the epidermis and 
showed no detectable cyclooxygenase activity, i.e., no 
prostaglandin production. The main changes observed 
in UV-induced inflammatory reactions were as follows. 
1. A 5-fold increase in dermal HETE production in 
PUV A-treated animals and a 29% reduction in epider-
mal HETE formation after UVC treatment. 
2. A marked decrease of PGD2 and a marked increase 
of PGE2 formation due to alterations of PGH2 metabo-
lism in the UVB-treated group; however, cyclooxygen-
ase activity was unchanged. 
These changes in arachidonic acid metabolism in the 
skin may be of pathophysiologic importance in UV -in-
duced inflammatory reaction. 
The mediators of inf1ammation in UV -induced reactions in 
the skin are largely unknown. Several lines of evidence point 
to a participation of arachidonic acid and its derivatives in 
these processes. In particular, activation of phospholipase A2, 
release of arachidonic acid, · and increased levels of prostaglan-
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dins were found after UVB irradiation [1-5]. However, these 
changes showed a correlation with the UV -evoked erythema 
only in the early phases of reaction, and indomethacin only 
partly suppressed the UVB-induced dermatitis [6] . Similar 
results were reported after UVC irradiation [7,8]. In the pho-
totoxic reaction induced by 8-methoxypsoralen and UV A 
(PUVA), arachidonic acid and prostaglandin levels in the skin 
exudates were found to be unchanged [9,10]. 
Based on these findings and since the formation of newly 
recognized mediators of inf1ammation derived via the lipoxy-
genase pathway of arachidonic acid metabolism (11] had not 
yet been studied in UV-induced reactions, we undertook a 
systematic evaluation of the lipoxygenase and cyclooxygenase 
pathways of arachidonate metabolism in the skin of UVA-, 
PUV A-, UVB-, and UVC-irradiated hairless mice. Our ap-
proach was to measure the activities of the lipoxygenase, cy-
clooxygenase, and endoperoxide metabolizing enzymes rather 
than to determine the metabolite (i.e. , endogenous products) 
levels present in the skin. We believe that alterations in enzyme 
activities produce a better reflection of changes taking place 
during the inflammatory reaction. Metabolite levels found at 
any time point in the course of the inflammatory reaction may 
not reflect a true history of tissue levels over the entire period 
of time due to the rapid formation and degradation of the 
substances in question. Moreover, measurements of tissue lev-
els are extremely prone to artifacts caused by tissue handljng 
and sample preparation. 
MATERIALS AND METHODS 
Animals 
Three-month-old female hairless albino mice (HRS/J), raised in our 
breeding colony, were used for all studies. 
UV Irradiation 
UV A and UVB irradiations were given with a 1000-W xenon arc 
solar simulator (Oriel Corp.). This radiation source has a continuous 
output that peaks in the ultraviolet spectrum and extends into the 
